Abstract: Most emerging market economies intend to attract foreign direct investment (FDI), expecting that efficiency spillovers from FDI positively influence the productivity of domestic firms. The Indian automobile industry has been a key beneficiary of FDI, ever since the economy opened up since the early 1990s. Employing a stochastic frontier analysis (SFA), this paper first compares the technical efficiency of foreign firms (FFs) vis-à-vis domestic firms (DFs) in the Indian automobile industry for the period 2001-2014. Second, the paper identifies the key determinants, which explain the differences in technical efficiency between FFs and DFs. Finally, the paper analyses the transmission of spillovers from FFs to DFs in terms of competition, demonstration, and information effects. The results reveal higher technical efficiency (TE) of foreign firms over the domestic firms; that younger firms, both domestic and foreign, were relatively more efficient; and domestic automobile firms did not benefit from exporting activities, mainly due to their inward-orientation. The analysis in this paper suggests that the spillover effects is prominent only through demonstration effect. The competition and information effects are not significant channels for transmission of spillovers from foreign to domestic firms in the Indian automobile industry.
PUBLIC INTEREST STATEMENT
The Indian automobile industry has been a key beneficiary of India's liberalization and globalization process that started in early 1990s. The study investigates whether and how the domestic automobile firms benefitted from the higher levels of foreign direct investment in India's automobile industry. One key finding of the study indicates the inability of the domestic firms to tap the overseas markets, primarily due to their inward-orientation. The results underscore the need for domestic firms to tap newer external markets through collaborations, and strengthen their research and development activities. With India's renewed thrust on boosting domestic manufacturing and entrepreneurial activities, including in the automobile industry, the focus of public policy should be on skill development of the workforce, so that spillover benefits accruing from foreign direct investment maybe better reaped by domestic firms, households, and the economy at large.
Introduction
Over the past three decades, foreign direct investment (FDI) has emerged as a prime source of external financing for the emerging market economies (EMEs). Between 1998 and 2014, total private capital flows to 30 EMEs witnessed a sevenfold increase, with an average growth of 14.3% between 1998 and 2014 (Table 1 ). In 2014, of the total private capital flows to EMEs, two-thirds was accounted for by direct and portfolio equity flows, while one-third was accounted for by total debt flows (bank and non-bank lending). Table 1 also suggests that FDI explains about three-fifths of the increase in total private capital flows during the same period. It is therefore not surprising that policy-makers in the developing countries have undertaken structural reforms and have made sustained efforts to improve the business environment to attract FDI.
A review of the extant literature, covering aggregate level studies, suggests a fair degree of convergence among researchers regarding the benefits of FDI as a stable source of capital (Berg, Borensztein, & Pattillo, 2005) ; in stimulating growth (Aizenman, Jinjarak, & Park, 2013; Choong, Baharumshah, Yusop, & Habibullah, 2010) ; in bridging the savings-investment gap; and in addressing the balance of payment (BoP) problems, particularly in emerging economies. Studies have also recognized the role that foreign firms play to boost innovative activities in the host country, directly or indirectly (Lall, 1993) and in positively influencing industrial productivity (Bitzer & Görg, 2009 ). Tong and Wei (2011) showed that countries with higher FDI flow prior to crisis period developed greater resilience to mitigate the crisis.
However, there has been little convergence on the indirect benefits that accrue to economies attracting FDI. Starting with the seminal work by Caves (1974) , several empirical studies have attempted to identify and measure the indirect benefits (spillover effects) of FDI in a variety of geographical and industrial settings. However, the results have yielded no conclusive evidence of positive or Kose, Prasad, and Terrones (2009) and Li and Liu (2005) found substantial productivity gains accruing to the domestic firms from FDI, other studies like Rogers (2010) and Medda and Piga (2014) concluded to the contrary. Various empirical studies have also been conducted to test the viability, extent, and effects of such spillovers in the host economy (Singh & Zammit, 2011; Wade, 1990) . These studies pointed out that though quantitatively small, qualitatively FDI played a significant role in economic development. Nevertheless, the extant literature suggests that the benefits of FDI accruing to domestic firms are not equal, rather are contingent upon the conditions in the host country and are often firm-specific as well (Görg & Greenaway, 2004) .
Consistent with the trends of inward FDI flows to EMEs, India also attracted substantial FDI flows following the adoption of the New Industrial Policy in 1991, which initiated structural reforms in the Indian economy. Apart from dismantling the license permit-raj regime that hindered the growth of domestic industries, the liberalization, privatization and globalization (LPG) policies undertaken since 1991 also liberalized the terms of inward foreign capital flows. This resulted in marked increase in FDI inflows to different sectors of the Indian economy. The automobile industry in India was one such beneficiary, being consistently among the top five industries attracting FDI in India in the post-liberalization era. According to India Brand Equity Foundation (IBEF), the automobile industry attracted FDI of US$ 16.67 billion between April 2000 and March 2014 (IBEF, 2017 . Most of the global automobile giants set their manufacturing or assembling units in the country, giving rise to the possibility of potential spillover benefits accruing to the industry. The motivation of this study is therefore to examine the extent to which the indirect benefits of FDI inflows benefited the domestic firms in the Indian automobile industry and the transmission route of such spillovers. Such studies in the Indian context, as is the focus of this paper, on intra-industry spillovers is scant in the extant literature. This paper thus contributes to the existing literature in two key aspects. First, unlike most of the previous studies in the Indian context, it adopts a disaggregated approach and analyzes the industry-specific impact of FDI. Most of the studies in the Indian context has either focused at the macro level impacts of FDI (Ghosh & Roy, 2013; Kumar & Joseph, 2005) or have investigated the inter-industry linkages or the vertical spillovers using firm level or industry-level data (Behera, 2014; Kuntluru, Muppani, & Khan, 2012) . Second, this is one of the few studies, which encompasses both the aspects of technical efficiency and spillovers and the only study covering both aspects in the context of the Indian automobile industry.
The major findings of the paper suggest that foreign firms exhibited higher technical efficiency compared to the domestic firms; that younger firms, both domestic and foreign, were relatively more efficient; and that Indian firms did not benefit from exporting activities due to their inwardorientation. Furthermore, the findings that competition from foreign presence did not significantly influence the industry and that demonstration effect proved to be the dominant channel for transmission of spillovers to the domestic firms assumes importance from policy perspectives.
The rest of the paper is organized as follows. Section 2 gives the summary of the extant literature. Section 3 outlines the research objectives, the variable construction, and the econometric strategy. Section 4 outlines the sample and data specifications. Section 5 provides the results and analyses. Section 6 provides the concluding remarks.
Literature review
The theoretical models on FDI and spillovers are based on the industrialization theory (Hymer, 1976) . The neoclassical theory of capital flows considered the movement of capital only in response to interest rate differentials in expectation of arbitrage and neglected the development aspects of FDI flows (Dunning & Rayman, 1985) . On the contrary, Hymer (1976) proposed FDI as a transfer of a "package" of capital, management, and new technology and hence viewed FDI as an international extension of industrial organization theory. This strand of literature was advanced in the works of (Caves, 1971 (Caves, , 1974 , and Koizumi and Kopecky (1977) first modeled the relationship between FDI and technology transfer using a partial equilibrium framework.
Other frameworks have also examined the impact of FDI on host economies. For example, the OLI (ownership location and internalization) paradigm (Dunning, 1976) examined how FDI affects productivity, efficiency, wage levels of the host country. According to this paradigm, the MNCs have certain advantages because of the ownership or because they can exploit the host country conditions with the objective of maximizing the returns.
Another set of studies examined the varying effects of FDI on both the home and the host country. Sala-I. Martin (1997) for example, argues that since the cost of imitation is lower than the cost of innovation, the developing nations would benefit by imitating the designs and technology from their advanced counterparts. FDI, according to them provides a channel for the transfer of technology to the developing countries. Grossman and Helpman (1991) state that besides imitation the transfer of technology has a noticeable effect on R&D and innovation in these economies thus enabling increased efficiency and growth. Findlay (1978) introduced the concept of technology gap and emphasized that greater the technological gap between the host and home country firms, higher is the possibility of potential spillovers to domestic firms. On the contrary, Glass and Saggi (2002) and Kokko, Zejan, and Tansini (2001) considered technological gap as absorptive capacity and hypothesized that the greater the gap, lower is the possibility of spillovers.
Empirical studies have also yielded contradictory results regarding the spillover benefits from FDI. A brief summary of the relevant literature is provided in Table 2 . The studies, set in a variety of industrial settings, have found either positive, negative or inconclusive result pertaining to productivity spillovers from FDI. One crucial insight from studies surveyed (Table 2) suggests that spillover effects are very much contingent upon country-specific and industry/firm-specific factors.
Since this paper studies technical efficiency (TE) and effects of FDI in the Indian automobile sector, it maybe useful to provide a brief review of the extant literature in the Indian context. Ray (2004) computed year-specific firm-level TE for 27 industry groups of Indian manufacturing sector for 1991-2001. Among other things, his study finds that foreign firms enjoyed a significantly higher level of TE than domestic firms. Goldar, Renganathan, and Banga (2004) analyzed the effect of foreign ownership along with other factors on the TE of engineering firms in India during the 1990s and found similar results as Ray (2004) . However, Patibandla and Sanyal (2005) studying 11 industries, reported that foreign ownership in a firm had no significant impact on productivity. Banga (2004) examined the impact of US and Japanese-owned firms on total factor productivity growth (TFPG) of the firms in the Indian automobiles, electrical and chemical industries and concluded that the presence of Japanese affiliates had a significant positive impact on TFPG in an industry, while the US affiliation had no impact. 
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Aggregation level Results of spillover effects Javorick (2004) , Haddad and Harrison (1993) , Suyanto and Salim (2013) , Suyanto, Salim, and Bloch(2014) Firm Positive Blomström (1986) , Blomström and Wolff (1994) , Caves (1974) , Globerman (1979) , Kokko (1996) Industry Aitken and Harrison (1999) , Blomström and Sjöholm (1999) , Djankov and Hoekman (2000) Firm Negative Medda and Piga (2014), Rogers (2010) Industry Barrios and Strobl (2002) , Flores, Fontoura, and Santos (2000) , Girma, Greenaway, and Wakelin (2001) Firm Inconclusive Sasidharan and Ramanathan (2007) studying 2,700 firms found foreign firms to be better performers than domestic firms in terms of total factor productivity. Joseph and Reddy (2009) examined the impact of FDI through backward spillovers arising from the buyer-supplier linkages and concluded that domestic firms resorted to exports due to increased competition and crowding-out of the domestic market by foreign firms. They also found that export efficiency of domestic firms did not increase from the foreign association. Kuntluru et al. (2012) analyzed the impact of FDI on export performance of the pharmaceutical industry in India and found a negative impact of foreign ownership on export performance. Behera (2014) examined the technology spillovers from FDI and showed that foreign firms played a significant role in technological diffusion in the host economy, given a certain subsistence level of absorptive capacity of the domestic firms.
The above review suggests that most of the micro-level studies investigated the spillover aspects of FDI from an inter-industry perspective. The results are heterogeneous and vary across industries. Hence, adopting a disaggregated approach and focussing on a particular industry may provide new insights from an intra-industry perspective, and thus contribute to the extant literature. This study fills this gap in the literature by undertaking an intra-industry study of the Indian automobile industry and exploring the aspects of technical efficiency and spillover benefits accruing to domestic firms from foreign presence.
Research objectives, variable construction, and econometric strategy

Research objectives
Given the lack of disaggregated studies pertaining to technical efficiency and spillover effects from the foreign presence in the Indian context, the preliminary focus was on identifying a relevant sector, which received sizeable inward FDI since the Indian economy moved to a liberalized regime from the early 1990s.
There exists sufficient cross-country evidence about the role the automobile industry plays as one of the key drivers of technology, growth, and employment in various countries (Gottschalk & Kalmbach, 2007) . This has also been the case in India, particularly in the post-liberalization era. The automobile industry contributes 45% of the country's manufacturing gross domestic product (GDP), 7.1% of the country's GDP, and employs about 19 million people (DIPP, 2017) . In continued efforts towards liberalization, the FDI regulations pertaining to the automobile industry were steadily relaxed, and 100% FDI was allowed since 2002. Between 2000 and 2014, this industry has been consistently among the top five sectors attracting inward FDI. During 2014-16, the FDI flows in this sector increased by 72% to USD 5.25 billion from USD 3.05 billion during 2012 -14 (IBEF, 2017 . The above suggests that the sector has continuously attracted foreign capital with most of the automobile giants setting up manufacturing or assembling units in India.
With the above backdrop, the key research objective of this paper is to investigate the impact of foreign presence in the Indian automobile sector and the spillover benefits accruing to the domestic firms. To do so, we proceed as follows. First, the hypothesis that the foreign firms are technically more efficient than the domestic firms is empirically tested with reference to the Indian automobile sector. If the initial hypothesis stands true, it gives rise to the possibility of potential spillover benefits from the foreign firms to their domestic counterpart. Second, we check whether firm-level characteristics namely age, size, and export orientation have any influence on the technical efficiency of the domestic firms vis-à-vis the foreign firms. Third, we check the transmission of spillover effects of FDI accruing to the domestic firms specifically through the competition, demonstration and information effects. 
Econometric strategy
First, employing a stochastic frontier analysis (SFA), we compute the firm and year-specific measure of technical efficiency and compare the technical efficiency of the domestic firms vis-à-vis the foreign firms. In this method, the technical efficiency of a given firm (in a given year) is defined as the ratio of its mean output to the corresponding mean output if the firm utilized all its resources (inputs) efficiently.
The SFA is a regression-based method, with specific assumptions pertaining to the production function and distribution of the error terms. Two pioneering papers of SFA by Aigner, Lovell, and Schmidt (1977) and Meeusen and van Den Broeck (1977) introduced the concept of a stochastic parametric model involving two distinct error terms, one representing inefficiency and the other measurement errors and statistical noise typical of empirical estimates associated with technical efficiency, which could introduce a potential source of error. The stochastic frontier models allow estimating standard errors and hypotheses testing. The SFA addresses the shortcoming of the DEA technique 2 of producing biased estimates in the presence of statistical noise.
Following Battese and Coelli (1995) , we use the one-stage stochastic frontier production function (SFPF) 3 to estimate the production frontier and the technical inefficiency function simultaneously. The model is specified as:
Here, Y it is the production of ith firm in the tth time period, X it is a (1 × k) vector of known functions of inputs of production and other explanatory variables associated with the ith firm at the tth observation, β is a (k × 1) vector of unknown parameters to be estimated, v it is the time-specific stochastic error term which are i.i.d N(0, 2 v ) and independently distributed of the non-negative random variable u it , which are associated with technical inefficiency of production. u it is assumed to be independently distributed such that these are obtained by truncation at zero of the normal distribution with mean z it δ and variance σ. z it is a (1 × j) vector of explanatory variables associated with technical inefficiency of production of firms overtime, and δ is an (j × 1) vector of unknown coefficients. w it is defined by the truncation of the normal distribution with zero mean and variance σ 2 , such that the point of truncation is −z it δ, i.e. w it ≥ −z it δ.
The parameters of Equation (2) are estimated to obtain the maximum likelihood estimates (MLE) of the SFPF following Coelli, Rao, O'Donnell, and Battese (2005) . We calculate the firm-specific and year-specific estimates of TE, i.e. TE it . The estimates thus obtained are unbiased and efficient. 4 The TE thus obtained is the ratio of the observed output to the stochastic frontier output, which can be expressed as:
where Y p it is the potential maximum output for the ith firm in the tth period.
Following Battese and Coelli (1995) , the conditional expectation, E[exp(−u it )] is the best estimator of exp(−u it ). Hence,
It is further assumed that the production function takes a log-linear form with three production inputs labor, capital, and material in the production process 5 . Thus, the empirical model can be written as:
where Y it is the output of the ith firm at the tth period. L it , K it and M it are the three input variables labor, capital and material respectively of the ith firm at the tth period and T denotes the time-trend and increases by one for each year.
To measure the year specific and firm-specific measure of output (Y it ) we have taken the natural logarithmic value of net income (LNTI) as a proxy measure of output. Capital (K it ) should ideally be measured by the current replacement value of the fixed assets of the firm. However, in the absence of relevant data, we have taken the natural logarithmic value of net fixed assets as a measure of firms' capital following Joseph and Reddy (2009) . Labor input (L it ) is generally measured by manhours or number of employees. However, due to lack of data on Indian firms, following Bhavani and Tendulkar (2001) , we have taken total wages and salaries as a proxy measure for labor input (L it ) and adopted its natural logarithmic values. Material input (M it ) is one of the most important inputs of production and affects TE. We have taken the natural logarithmic value of raw materials consumed (RMC) by firm in a particular year as a proxy measure of material input. We have further deflated the values by the GDP deflator to account for the changes in prices overtime.
The parameters of the stochastic frontier function are estimated by the maximum likelihood method. As provided by Coelli and Henningsen (2013) , R Frontier package (Version 1.1) was used to estimate Equation (6), to derive the firm-specific and year-specific measure of technical efficiency (TE) for the entire sample. The results also help us to compare the TE of foreign firms vis-à-vis domestic firms.
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The inefficiency function is captured by the equation:
Here, z 1it denotes foreign presence) = 1, if it is a FF = 0 otherwise z 2it , z 3it , z 4it denote age of the firm (AGE_FIRM), size of the firm (NS), and the export orientation (EXP_ INT) of the firms, respectively. The effect of foreign presence is captured by the interaction terms (z 1it z 2it ), (z 1it z 3it ), (z 1it z 4it ) and represent FD_AGE_FIRM, FD_NS, and FD_EXP_INT, respectively. Thus, Equation (8) gives the mean effect of foreign presence on the control variable age of the firm (AGE_ FIRM). Similarly, Equations (9) and (10) imply the mean effect of foreign presence on the control variables, size of the firm (NS) and export orientation (EXP_INT) of the firms respectively.
Thus in the model, δ 1 captures the differential effect of the foreign presence while δ 2 , δ 3 and δ 4 measures the differential impact of the control variables on the technical efficiency. Similarly δ 5 , δ 6 and δ 7 measure the differential effects of the foreign presence on the control variables age of the firm (AGE_FIRM), size of the firm (NS), and the export orientation (EXP_INT) of the firms, respectively.
While specifying a regression model for Equation (7), which captures technical inefficiency, the Tobit model is selected. This is because the efficiency scores are censored, and lie between 0 and 1. Model estimation using OLS method would result in inconsistent and biased estimates, as OLS underestimates the true effect of the parameters by reducing the slope. Hence, the Tobit model is an appropriate tool (Schnedler, 2005) .
Age of a firm is measured by the numbers of years of operation and is calculated by the difference between the year of presence in the sample and the year of incorporation. The natural logarithmic value of age (AGE) is taken for the age of the firm. The influence of age on the TE is ambiguous, as evident from the existing literature. For example, while Malerba (1992) found a positive relationship between age and TE, Salim (2008) posit younger firms to be more efficient. In the Indian context, Kathuria (2001) , found no significant relationship between age and TE from his study on the Indian manufacturing sector. We hypothesize a positive association between age and TE. It maybe assumed that with age a firm matures and gains experience, which may influence TE favorably.
Size of a firm may also affect efficiency. Large-sized firms may have a distinct advantage over the small size firms by their command over significant amount of resources, economies of scale and scope in production and enhanced bargaining power in assessing the inputs of production from the market. Studies by Girma and Wakelin (2000) found small-sized firms and Sinani and Meyer (2004) found small-and medium-sized firms to benefit most from the spillover effects of FDI. However, Lundvall and Battese (2000) found the association between size and efficiency to vary across sectors from their study on the Kenyan manufacturing firms. Some studies in the Indian context (Aggarwal, 2002; Joseph & Reddy, 2009 ) have found bigger exporting firms in India to be more efficient. We denote the size of a firm by its sales turnover following Joseph and Reddy (2009) and hypothesize a positive relationship. The underlying assumption is that a larger firm will command greater sales. Sales turnover is approximated by the net sales (NS), which equals gross sales less indirect taxes and excludes other sources of income. We measure the size of the firm by the natural logarithmic value of net sales of a firm in a given year. Some other studies investigating the export behavior of firms and TE have shown that exportoriented firms to be more efficient compared to firms that focus on the domestic market (Greenaway & Kneller, 2005; Wagner, 2007) . Their main conjecture is that domestic firms with export orientation are likely to face stiffer competition in the international market, which may force these firms to mobilize their resources more efficiently leading to enhanced productivity. Moreover, they argue that the export-oriented firms are exposed to technologically superior firms, which in turn enable better learning and skill development. Conversely, some other studies (Blomström & Sjöholm, 1999; Ponomareva, 2000) advance a contradictory view. They find the spillover benefits accrued more to non-exporting firms compared to exporting firms. In the Indian context, Ray (2006) found a positive relationship between TE and export orientation from his study on engineering firms. We intend to test the impact of a firm's export orientation on the TE and hypothesize a positive relation between TE and export orientation. We measure the export orientation (EXP_INT) by the natural logarithmic value of the firm's export earnings.
After comparing the technical efficiency and investigating the three firm-level characteristics potentially influencing the TE, we analyze the competition effect (CEF), demonstration effect (DEF), and information effect (IEF) as mechanisms of spillovers from foreign firms to the domestic firms.
Several studies (Glass & Saggi, 2002; Wang & Blomström, 1992) highlight the role of competition. Direct competition from foreign firms' entry into the product market might compel the domestic firms to utilize their resources effectively or search for new technology. This increased competition might have a potential positive influence on the productivity of domestic firms. We measure CEF by a particular foreign firms' share of NS in total NS of all foreign firms in the industry scaled by share of all foreign firms NS to NS of all firms in the sample.
Demonstration effect occurs when the domestic firms are encouraged to imitate the advanced technology associated with MNCs, or they develop their own innovations to match the superior technology brought in by the foreign firms (Das, 1987) . This could have a positive impact of raising the productivity of domestic firms. We approximate DEF by a particular foreign firm's share of R&D in total R&D expenditure of all foreign firms in the industry scaled by share of foreign firms in R&D expenditure of all firms in the sample.
The third channel of productivity spillovers, IEF, is linked to exports. Domestic firms often adopt the expertise to export from the MNCs to gain access to foreign markets (Aitken, Hanson, & Harrison, 1997) . Exporting generally involves fixed costs, which are investments to create distribution networks, learning about customer's tastes and preferences, and the regulatory norms in the foreign market. Since MNCs are already adept with such information, domestic firms often learn from their foreign counterparts. We measure IEF by a particular foreign firm's share of exports in total exports of all foreign firms in the industry scaled by share of all foreign firms' exports to exports of all firms in the sample.
To capture the spillover effects, we run the censored Tobit regression with technical efficiency (TE) as the dependent variable and the three variables identified as channels for spillover effects-CEF, DEF, and IEF as the independent variables, also incorporating the foreign dummy variable.
Sample and data specification
The study uses unbalanced panel data drawn from a sample of 67 firms from the Indian automobile industry over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] . The data were sourced from the Prowess database maintained by CMIE.
The period of study assumes significance from various aspects. First, India moved from the FERA to the FEMA regime in 1999 and pursued liberalized policy, particularly concerning capital flows. Second, 2001 marked a year of inflexion with increased FDI inflows. During the period 2001-2014, the automobile sector in India remained one of the major sectors attracting on an average about 5.5% of annual FDI inflows.
Initially, we extracted a list of 91 firms of the Indian automobile sector available in the Prowess database. However, due to non-availability of data on all chosen parameters for the period of study, we were forced to refine our sample set. Only those firms for which data on relevant parameters were available were selected. This left us with a usable sample of 67 firms, comprising of 15 foreign and 52 domestic firms. The selected firms included all major domestic and foreign firms operating in the industry.
The descriptive statistics ( Table 3 ) below reveal that mean output of the foreign firms is significantly higher than the domestic firms. Further, the firms with highest and the lowest output belonged to FF and DF category, respectively. Another salient finding is that the output-input ratios of FFs are higher than the DFs, suggesting the efficient use of resources.
Results and discussions
Results from the estimation of SFPF and technical efficiency
The accuracy of estimates of the spillover effects necessitates correct specification of the stochastic production frontier. Table 4 gives the results of the estimates of parameters of SFPF. It is evident that the coefficients of each of the three inputs are statistically significant at 1% level and they together successfully explain about 86% of the variation in total income (TI).
In our model, the estimates of the coefficients also signify the elasticity of output with respect to material, labor, and capital input. The comparison of these elasticities shows that elasticity of output with respect to labor (0.40) is the highest and substantial, followed by the elasticity of income with respect to material input (0.38) and capital input (0.19), respectively. This implies that the Indian automobile industry can be characterized as a labor-intensive industry. A possible reason could be the dominance of low-end passenger vehicle segment employing cheap labor resources due to cost effectiveness. Further, the sum of the three elasticities (0.97), a measure of returns to scale, is close to unity, signifying that the production function approximates constant returns to scale. Table 5A provides the descriptive statistics on technical efficiency of the foreign and domestic firms for the sample period. The mean analysis for the entire sample reveals that in accordance with our initial hypothesis foreign firms (mean TE 0.338) are more technically efficient than the domestic firms (mean TE 0.264). Our finding is in line with a study on the manufacturing sector by Ray (2004) . However, looking simply at the magnitude of the efficiencies is not enough. Therefore, we also tested the hypothesis that foreign firms are relatively more efficient than the domestic firms. Since we have panel data with a censored dependent variable, we applied the Tobit regression in this case. The results in Table 5B provide the statistical evidence of the relatively higher efficiency of foreign firms vis-à-vis the domestic firms as the explanatory variable (foreign dummy in this case) is significant at 1% level.
Further, since the firm size varies across the sample, it maybe worthwhile to see whether the above conclusion remains valid for firms of different sizes. To do so, we divided the entire sample of firms into four quartiles based on the size of the firms and compared the average efficiencies for each quartile. This helped us to compare efficiencies for similar-sized firms. The results in Table 5A suggest that the foreign firms in the first and third quartiles are more efficient than their domestic counterparts, while the domestic firms in the second and fourth quartiles are relatively more efficient. Therefore, the mean efficiencies do vary according to firm-size.
However, as year-wise comparison of TE of foreign vis-à-vis domestic firms (Table A1) suggest relatively higher efficiencies of foreign firms throughout the sample period, and the overall hypothesis holds (Table 5B) , we conclude that foreign firms are on an average more efficient than the domestic firms. 
Estimating the influence of firm-level characteristics on technical efficiency
We estimated Equation (7) using censored Tobit regression and calculated the estimates of the corresponding coefficients. The z values and the corresponding p-values are also obtained with the help of the EVIEWS 9 software package.
The coefficient of the foreign dummy was found to be significant and positive. The coefficient of AGE, which represents the age of the firm, is significant and negative although the value of the coefficient is very small (Table 6 ). This implies a negative relationship between age and TE although the impact would be much less. The results are in accordance with the results obtained by Chen and Tang (1987) , who found a negative relationship between age and efficiency from their study on Taiwanese electronics industry. However, the results contradict the study by Kathuria (2001) on Indian manufacturing sector, which did not find any significant relationship between age and efficiency. This is indicative of the fact that the new age firms in the automobile industry are more adept compared to their older counterparts in adopting the modern technology, which can possibly explain the difference in efficiencies.
However, the coefficient of size (NS) is significant at 1% level of significance. The coefficient of NS is positive, implying size is positively related with TE, i.e. as a firm's capacity increases its TE also increases. This might be because large size firms may have a distinct advantage over the small size firms by its command over a large number of resources, economies of scale and scope in production, and enhanced bargaining power in assessing the inputs of production from the market. While this result is a departure from the findings in Girma and Wakelin (2000) and Sinani and Meyer (2004) , it is consistent with Indian studies on exporting firms (Aggarwal, 2002; Joseph & Reddy, 2009) .
Similarly, export orientation does not have any significant impact on the productivity of domestic firms. Although the sign is positive, it is not statistically significant. The results are in contradiction with the results of Ray (2006) , who found a positive relationship between TE and export orientation from his study on Indian engineering firms.
Next, we compare the influence of the control variables on TE of FFs employing interaction dummy as explained in Section 3.2. The results, reported in Table 6 , reveal that all the three variables influence the TE of FFs, and are statistically significant. While age and export orientation is significant at 1% level, size of a firm (foreign) is significant only at 5% level of significance. Although size and age have a negative relationship with TE, the coefficients are very small signifying the impact to be minimal. However, unlike the previous case, export orientation not only affects the TE of the FFs positively but also is significant at 1% level. The interaction effect which captures the effect of being an export-oriented foreign firm is much stronger compared to an export-oriented domestic firm.
From the above analysis, we can conclude that although statistically significant, age and size of a firm have a negligible influence as evident from the size of the coefficients. However, export orientation, has a more significant impact, favorably influencing the TE of foreign firms only. This is perhaps because the domestic automobile firms have been laggards in technology adoption and in complying with stringent regulatory norms prevalent in global markets, and hence can capture these markets in a very limited way. This is corroborated by the fact that as of 2016, only two domestic players featured in the list of top ten car exporters from India. Further, Mexico, Nepal, UK, and South Africa being the top export destinations suggests limited reach of the players in more competitive and demanding US and European markets.
Estimation results of spillover analysis
Estimation of spillover effects from foreign firms to domestic firms reveals that the estimated coefficients of CEF and DEF are significant at 10 and 1% level of significance, respectively. However, IEF is not significant (Table 7) . Thus, it can be concluded that the spillover benefits accrue to the DFs primarily through demonstration effect. The MNCs are the prime transmitters of advanced technology as their operations have significant spillover effects to DFs and demonstration effect proves to be an important channel and source of technological externalities to the local firms in the Indian automobile sector. However, the competitive pressure exerted on the existing domestic firms from the entry of the FFs with superior technology appears to have only a weak impact, as the coefficient of CEF is significant only at 10% level. One possible reason for weak competition effect maybe the large and growing 7 domestic automobile market, which ensures minimal effect on individual market share, despite an increase in the number of players in the industry.
The information effect comes out to be insignificant indicating that domestic firms are unable to extract benefits from exposure to the overseas markets. Indian automobile firms are focused primarily towards catering the domestic market and have limited collaboration with foreign players, resulting in insignificant information spillovers about nature and scope of the foreign markets. This finding strengthens our earlier finding that domestic firms did not gain from export-orientation. 
Concluding remarks
In this study, we empirically examined the technical efficiency and the resulting spillovers from FDI in the context of the Indian automobile industry for the period 2001-2014. Employing a stochastic frontier analysis, we found that on the average the foreign firms were more efficient than their domestic counterparts. This maybe attributed to the foreign firms' access to new advanced technology and the adoption of best practices. Further, the new age firms were found to be more efficient, indicating that the new age firms are more adept at acquiring new technology compared to the older firms. Size of a firm though statistically significant, had negligible influence on the technical efficiency of both domestic and foreign firms. However, export orientation, had a significant positive influence on the TE of foreign firms only, suggesting inward orientation of the majority of the domestic firms.
The results of spillover effects suggest that information effect did not prove to be a significant channel indicating the lack of know-how of Indian firms about export markets and their access strategies due to limited collaboration with foreign players. Competition from the presence of foreign firms was insignificant as well. This is because, the large and growing automobile market in India has not only served as a cushion against foreign competition but has also refrained the domestic firms from venturing overseas, as their market share remained almost unaffected by the influx of foreign players. Only demonstration effect emerged as a major channel for transmission of spillover effects to the domestic firms. This is a crucial finding implying that India must encourage FDI with technological diffusion to ensure the spillover benefits of FDI are passed on to the domestic firms.
The findings of the paper underscore the scope for further research. For example, it maybe worthwhile to understand the role that absorptive capacity of the domestic firms could play in efficiency gains due to foreign presence. Further, a comparative study on the effects of foreign presence on both technical efficiency and production can be undertaken to see whether FDI has more impact on technical efficiency or production function.
Nevertheless, the findings of this study have certain policy imperatives. The untapped opportunities for entrepreneurial activities provided by the large and growing Indian automobile market are evident. The recent government initiatives like Make in India, Automotive Mission Plan 2026 and the National Electric Mobility Mission Plan 2020 has the potential to catapult India into an auto-manufacturing hub, and are steps in the right direction. However, as the study suggests, the inability of the local firms to capture overseas market seems to be a concern and needs to be addressed with right earnest. Encouraging collaborations and joint ventures between domestic and foreign players can have significant benefits in accessing new markets, besides improving the efficiency of domestic firms through stronger spillovers. This, of course, will have to be supplemented by a stronger focus on R&D activities and skill development, which can ensure efficient transmission of spillovers from foreign presence. https://doi.org/10.1080/23322039.2018.1460026 as the technical efficiency might be correlated with the production inputs. Furthermore, the OLS method becomes inappropriate in the two-stage method as the TE is assumed to have a one-sided distribution. Hence, the one-stage approach is preferred over the two-stage approach. 4. The complete description of Battese-Coelli model and derivation of the log-likelihood function and the variance parameters is given in Battese and Coelli (1993) . 5. Though the trans-log form of production function is a popular choice in today's empirical studies, for this paper, we choose the log-linear model primarily due to its simplicity in usage and interpretation. Although this confines the analysis to one particular form of the production function, studies by Kopp and Smith (1980) , Krishna and Sahota (1991) and Driffield and Kambhampati (2003) suggest that other functional specifications vis-à-vis the log-linear form have negligible influence on the measured efficiency. More recent empirical studies, using stochastic frontier analysis in the context of manufacturing sector in Indonesia like Suyanto et al. (2014) has not reported any significant difference in the results obtained. Further, as the sum of factor elasticities is close to unity (Table 4) , it signifies the production function exhibits constant returns to scale. 6. Since there exists no consensus in literature regarding the minimum proportion of share capital for classifying a firm as a foreign firm, we adopt the classification as given in the Centre for Monitoring Indian Economy (CMIE) Prowess database and match the classification with the Bloomberg database. 7. Since the beginning of this century, the Indian economy has witnessed some impressive growth figures, with 2004-08 recording one of the highest growth phases in the history of the Indian economy. Indian economy was also not majorly affected by the global financial crisis of 2007-08. According to Society of Indian Automobile Manufacturers (SIAM), the automobile industry witnessed a compounded annual growth rate of 9.4% during the period FY2006-16. This provided an increasing consumer base to the automobile firms, reducing the impact of CEF.
